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(57) ABSTRACT 

A variable-aperture reciprocating reed valve includes a valve 
body defining a through hole region having a contoured- 
profile portion. A semi-rigid plate is affixed on one side 
thereof to the valve body to define a cantilever extending 
across the through hole region. At least one free edge of the 
cantilever opposes the contoured-profile portion of the 
through hole region in a non-contact relationship. 

18 Claims, 3 Drawing Sheets 
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VARIABLE-APERTURE RECIPROCATING 
REED VALVE 

ORIGIN OF THE INVENTION 

5 

The invention described herein was made in the perfor- 
mance of work under NASA contracts and by an employee of 
the United States Government and is subject to the provisions 
of Section 20135(b) of the National Aeronautics and Space 
Act, Public Law 111-314, §3 (124 Stat. 3330, 51 U.S.C. 10 
Chapter 201) and 35 U.S.C. §202, and may be manufactured 
and used by or for the Government for governmental pur- 
poses without the payment of any royalties thereon or there- 
fore. In accordance with 35 U.S.C. §202, the contractor 
elected not to retain title. 15 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to reciprocating valves. More spe- 20 
cifically, the invention is reciprocating reed valve with a vari- 
able aperture. 

2. Description of the Related Art 

A reciprocating valve is used to control back-and-forth 
fluid flow between two chambers, conduits, etc. When the 25 
delta pressure between two such chambers is variable, it is 
desirable for a reciprocating valve to automatically adjust to 
the varying pressure in order to maintain a desired flow sched- 
ule and avoid over-restriction of a fluid flow. 

30 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a reciprocating valve that automatically adjusts to 
varying pressure differentials across the valve. 35 

Another object of the present invention is to provide a 
reciprocating reed valve whose flow aperture changes with 
varying pressure differentials to achieve a desired flow sched- 
ule. 

Other objects and advantages of the present invention will 40 
become more obvious hereinafter in the specification and 
drawings. 

In accordance with the present invention, a variable-aper- 
ture reciprocating reed valve includes a valve body defining a 
through hole region with at least a portion of a surface of the 45 
through hole region defining a contoured profile. A semi-rigid 
plate is affixed on one side thereof to the valve body to define 
a cantilever extending across the through hole region wherein 
at least one free edge of the cantilever opposes the contoured- 
profile portion of the through hole region in a non-contact 50 
relationship. 

BRIEF DESCRIPTION OF THE DRAWING(S) 

Other objects, features and advantages of the present 55 
invention will become apparent upon reference to the follow- 
ing description of the preferred embodiments and to the draw- 
ings, wherein corresponding reference characters indicate 
corresponding parts throughout the several views of the draw- 
ings and wherein: 60 

FIG. 1 is a plan view of a variable-aperture reciprocating 
reed valve in accordance with an embodiment of the present 
invention; 

FIG. 2 is an end view of the reed valve taken along line 2-2 
in FIG. 1; 65 

FIG. 3 is a cross-sectional view of the reed valve taken 
along line 3-3 in FIG. 1; 
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FIG. 4 is an isolated cross-sectional view of the portion of 
the valve body ’ s flow schedule insert defining convex contour 
profiles in accordance with another embodiment of the 
present invention; 

FIG. 5 is an isolated cross-sectional view of the portion of 
the valve body’s flow schedule insert defining concave and 
convex contour profiles in accordance with another embodi- 
ment of the present invention; 

FIG. 6 is an isolated cross-sectional view of the portion of 
the valve body’s flow schedule insert defining irregularly- 
shaped contour profiles in accordance with another embodi- 
ment of the present invention; 

FIG. 7 is a plan view of a variable-aperture reciprocating 
valve in accordance with another embodiment of the present 
invention; and 

FIG. 8 is a cross-sectional view of the reed valve taken 
along line 8-8 in FIG. 7. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT (S) 

Referring now to the drawings, simultaneous reference 
will be made to FIGS. 1-3 where plan, end, and cross-sec- 
tional views, respectively, are shown for a variable-aperture 
reciprocating reed valve 1 0 in accordance with an embodi- 
ment of the present invention. Reed valve 10 can be used as a 
fluid flow (e.g., gas or liquid) control valve between two 
conduits/chambers. Reed valve 10 automatically adjusts its 
flow aperture based on the pressure differential across the 
valve. The flow aperture variations are readily incorporated 
into reed valve 10 to accommodate a particular application’s 
requirements. 

Reed valve 10 includes a valve body that can be con- 
structed as an assembly 12 to provide the greatest design 
flexibility. In the illustrated embodiment, valve body assem- 
bly 12 includes a U-shaped channel 14, a clamping assembly 
16, and a flow schedule insert 18. A hole 14A is formed in the 
base of U-shaped channel 14. Clamping assembly 16 is 
located on one side of hole 14A and is attached/affixed to 
U-shaped channel 14. Flow schedule insert 18 is located on 
the opposing side of hole 14A and is attached/affixed to 
U-shaped channel 14 such that insert 18 opposes clamping 
assembly 16. As a result, the combination of U-shaped chan- 
nel 14 (with hole 14A), clamping assembly 16, and insert 18 
define a through hole region 20 (FIG. 3) that extends through 
valve body assembly 12. 

Some or all of the surface of flow schedule insert 18 defines 
a contoured profile that helps define a variable aperture for the 
reed valve 10. In the illustrated embodiment, the contoured 
surface profile of insert 18 includes a linear apex 18A, a 
concave surface 18B extending away from linear apex 18A in 
one direction of through hole region 20, and a concave surface 
18C extending away from linear apex 18A in the opposite 
direction of through hole region 20. Insert 18 is affixed to 
U-shaped channel 14 by screws 18D. 

Reed valve 10 also includes a semi-rigid plate or “reed” 30 
that extends across through hole region 20. Briefly, plate 30 is 
fixed to valve body assembly 12 by clamping assembly 16 to 
define a cantilever and such that the plate/cantilever’s out- 
bound/free edge 30A is adjacent, but spaced apart from, linear 
apex 1 8A when the pressure differential on either side of plate 
30 is zero, i.e., plate 30 is in a static pressure environment. 
More specifically, one end of plate 30 is captured between 
clamping blocks 16A and 16B of clamping assembly 16. 
Screws 16C are used to clamp blocks 16A/16B to plate 30 and 
to affix blocks 16A/16B to U-shaped channel 14 as shown in 
FIG. 3. Blocks 16A/16B can be slotted at 16D to adjust the 
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spacing between free edge 30A and linear apex 18A as well as 
to adjust the stiffness of the cantilevered portion of plate 30 as 
more or less of the cantilevered portion of plate 30 extends 
from clamping assembly 16. Additionally, flow schedule 
insert 18 can incorporate slots 18E (FIG. 3) to adjust the 5 
spacing between free edge 30A and linear apex 18A. 

In operation and with reference to FIG. 3, reed valve 10 is 
positioned in (for example) a conduit 100 having flow regions 
100A and 100B separated by a barrier 100C having a hole 
100D formed therein. Reed valve 10 is positioned over hole 10 
100D such that through hole region 20 is aligned with hole 
100D. When pressure in region 100B is greater than in region 
100A, plate 30 deflects into region 100A as shown by dashed 
line 3 0B . Conversely, when pressure in region 1 00 A is greater ; . 
than in region 100B, plate 30 deflects into region 100B as 
shown by dashed line 30C. The contoured surfaces 18B and 
18C of insert 18 vary the flow aperture of reed valve 10. In the 
illustrated embodiment, the concave nature of surfaces 18B 
and 18C will cause the flow aperture to geometrically 20 
increase (i.e., based on the geometric shape used for surfaces 
18B and 18C) with increased pressure differentials between 
regions 100A and 100B thereby increasing flow and reducing 
flow restriction as the pressure differential increases. 

Contoured surfaces 18B and 18C can be identical (as 25 
shown in FIG. 3) or different without departing from the 
scope of the present invention. Further, the contour profiles 
presented by surfaces 18B and 18C are not limited to concave 
profiles. FIGS. 4-6 illustrate (in isolation) cross-sectional 
views of other exemplary flow schedule insert embodiments. 30 
In FIG. 4, each of surfaces 18B and 18C presents a convex 
profile extending in opposite directions with respect to linear 
apex 18A. In FIG. 5, surface 18B presents a concave profile 
while surface 18C presents a convex profile. In FIG. 6, sur- 
faces 18B and 18C present stepped profiles extending away 35 
from linear apex 18 A. Accordingly, it is to be understood that 
each of the contoured profiles presented by surfaces 18B and 
18C can be shaped to satisfy the requirements of a particular 
application. 

Although the previously-described embodiments assume 40 
that a contoured surface profile will only be provided adjacent 
free edge 30A of plate 30, the present invention is not so 
limited. For example, a variable-aperture reciprocating reed 
valve 50 illustrated in FIGS. 7 and 8 forms additional con- 
toured surface profiles on opposing sides of plate 30. More 45 
specifically, flow schedule regions are formed in opposing 
sides 14B andl4C of U-shaped channel 14 adjacent opposing 
sides 30D/30E of plate 30. As best illustrated in FIG. 8, side 
14B includes contoured surfaces 52B and 52C extending 
from a linear apex 52A, while side 14C includes contoured 50 
surfaces 54B and 54C extending from linear apex 54A. The 
inclusion of the additional contoured surface profiles adjacent 
plate 30 increases flow aperture variability. As in the previ- 
ously-described embodiment, the shapes of surfaces 52B/ 
52C/54B/54C can be other than as shown without departing 55 
from the scope of the present invention. 

The advantages of the present invention are numerous. The 
variable-aperture reciprocating reed valve can be used to 
expand the performance envelope of current orifice depen- 
dent devices. Orifices are currently used to limit flow in a 60 
myriad of applications. Some examples include shock 
absorbers, air conditioning systems, gas accumulators, burst 
diaphragms, engine flow control, transient shock attenuators, 
exhaust flow management, pressure relief valves, flow limit- 
ing devices, variable flow/variable delta pressure response 65 
flow meters, linear delta pressure flow meters, expanded- 
operation range flow meters, etc. 
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Although the invention has been described relative to a 
specific embodiment thereof, there are numerous variations 
and modifications that will be readily apparent to those 
skilled in the art in light of the above teachings. It is therefore 
to be understood that, within the scope of the appended 
claims, the invention may be practiced other than as specifi- 
cally described. 

What is claimed as new and desired to be secured by 
Letters Patent of the United States is: 

1. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body defining a through hole region with at least a 
portion of a surface of said through hole region defining 
a contoured profile; 

a semi-rigid plate affixed on one side thereof to said valve 
body to define a cantilever extending across said through 
hole region wherein at least one free edge of said canti- 
lever opposes said portion of said through hole region in 
a non-contact relationship; and 

said valve body comprising an assembly for adjusting at 
least one of said non-contact relationship and stiffness of 
said cantilever. 

2. A variable-aperture reciprocating reed valve as in claim 

1, wherein said portion comprises: 

an apex aligned with said at least one free edge when said 
plate is immersed in a static pressure environment; 

a first surface region extending away from said apex in a 
first direction; and 

a second surface region extending away from said apex in 
a second direction. 

3. A variable-aperture reciprocating reed valve as in claim 

2, wherein said first surface region and said second surface 
region are identically shaped. 

4. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body defining a through hole region with at least a 
portion of a surface of said through hole region defining 
a contoured profile; 

a semi-rigid plate affixed on one side thereof to said valve 
body to define a cantilever extending across said through 
hole region wherein at least one free edge of said canti- 
lever opposes said portion of said through hole region in 
a non-contact relationship, 

wherein said portion includes an apex aligned with said at 
least one free edge when said plate is immersed in a 
static pressure environment, a first surface region 
extending away from said apex in a first direction, and a 
second surface region extending away from said apex in 
a second direction, wherein said first surface region and 
said second surface region are shaped differently. 

5. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body defining a through hole region with at least a 
portion of a surface of said through hole region defining 
a contoured profile; 

a semi-rigid plate affixed on one side thereof to said valve 
body to define a cantilever extending across said through 
hole region wherein at least one free edge of said canti- 
lever opposes said portion of said through hole region in 
a non-contact relationship, 

wherein said portion includes an apex aligned with said at 
least one free edge when said plate is immersed in a 
static pressure environment, a first surface region 
extending away from said apex in a first direction, and a 
second surface region extending away from said apex in 
a second direction, wherein said first surface region and 
said second surface region are concave. 
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6. A variable-aperture reciprocating reed valve as in claim 
2, wherein said first surface region and said second surface 
region are convex. 

7. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body defining a through hole region with at least a 
portion of a surface of said through hole region defining 
a contoured profile; 

a semi-rigid plate affixed on one side thereof to said valve 
body to define a cantilever extending across said through 
hole region wherein at least one free edge of said canti- 
lever opposes said portion of said through hole region in 
a non-contact relationship, 

wherein said portion includes an apex aligned with said at 
least one free edge when said plate is immersed in a 
static pressure enviromnent, a first surface region 
extending away from said apex in a first direction, and a 
second surface region extending away from said apex in 
a second direction, wherein said first surface region and 
said second surface region comprise irregularly shaped 
surface regions. 

8. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body assembly defining a through hole region, said 
valve body assembly having a plate mounting assembly 
positioned on one side of said through hole region, said 
through hole region having at least a portion of a surface 
thereof defining a contoured profile, said portion includ- 
ing a linear apex region; and 

a semi-rigid plate affixed on one side thereof to said plate 
mounting assembly to define a cantilever extending 
across said through hole region wherein at least one free 
edge of said cantilever opposes said linear apex region in 
a non-contact relationship, and wherein said plate 
mounting assembly comprises a clamping assembly for 
adjustable positioning of said plate wherein said non- 
contact relationship and stiffness of said cantilever are 
adjusted. 

9. A variable-aperture reciprocating reed valve as in claim 

8, wherein said portion comprises: 

a first surface region extending away from said linear apex 
region in a first direction; and 

a second surface region extending away from said linear 
apex region in a second direction. 

10 . A variable-aperture reciprocating reed valve as in claim 

9, wherein said first surface region and said second surface 
region are identically shaped. 

11 . A variable-aperture reciprocating reed valve as in claim 
9, wherein said first surface region and said second surface 
region are shaped differently. 

12 . A variable-aperture reciprocating reed valve as in claim 
9, wherein said first surface region and said second surface 
region are concave. 

13 . A variable-aperture reciprocating reed valve as in claim 
9, wherein said first surface region and said second surface 
region are convex. 

14 . A variable-aperture reciprocating reed valve as in claim 
9, wherein said first surface region and said second surface 
region comprise irregularly shaped surface regions. 

15. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body assembly defining a through hole region, said 
valve body assembly having a clamping assembly posi- 
tioned on one side of said through hole region, said 
through hole region having at least a portion of a surface 
thereof defining a contoured profile, said portion includ- 
ing a linear apex region, a first surface region extending 
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away from said linear apex region in a first direction, and 
a second surface region extending away from said linear 
apex region in a second direction, wherein said first 
surface region and said second surface region are shaped 
5 differently; and 

a semi-rigid plate affixed by said clamping assembly to 
define a cantilever extending across said through hole 
region wherein at least one free edge of said cantilever is 
aligned with said linear apex region and is spaced apart 
therefrom when said plate is immersed in a static pres- 
sure enviromnent. 

16. A variable-aperture reciprocating reed valve, compris- 
ing: 

j 5 a valve body assembly defining a through hole region, said 
valve body assembly having a clamping assembly posi- 
tioned on one side of said through hole region, said 
through hole region having at least a portion of a surface 
thereof defining a contoured profile, said portion includ- 
20 ing a linear apex region, a first surface region extending 
away from said linear apex region in a first direction, and 
a second surface region extending away from said linear 
apex region in a second direction, wherein said first 
surface region and said second surface region are con- 
25 cave; and 

a semi-rigid plate affixed by said clamping assembly to 
define a cantilever extending across said through hole 
region wherein at least one free edge of said cantilever is 
aligned with said linear apex region and is spaced apart 
therefrom when said plate is immersed in a static pres- 
sure enviromnent. 

17. A variable-aperture reciprocating reed valve, compris- 
ing: 

35 a valve body assembly defining a through hole region, said 
valve body assembly having a clamping assembly posi- 
tioned on one side of said through hole region, said 
through hole region having at least a portion of a surface 
thereof defining a contoured profile, said portion includ- 
40 ing a linear apex region, a first surface region extending 
away from said linear apex region in a first direction, and 
a second surface region extending away from said linear 
apex region in a second direction, wherein said first 
surface region and said second surface region are con- 
45 vex; and 

a semi-rigid plate affixed by said clamping assembly to 
define a cantilever extending across said through hole 
region wherein at least one free edge of said cantilever is 
aligned with said linear apex region and is spaced apart 
50 therefrom when said plate is immersed in a static pres- 
sure environment. 

18. A variable-aperture reciprocating reed valve, compris- 
ing: 

a valve body assembly defining a through hole region, said 
55 valve body assembly having a clamping assembly posi- 
tioned on one side of said through hole region, said 
through hole region having at least a portion of a surface 
thereof defining a contoured profile, said portion includ- 
ing a linear apex region, a first surface region extending 
60 away from said linear apex region in a first direction, and 
a second surface region extending away from said linear 
apex region in a second direction, wherein said first 
surface region and said second surface region comprise 
irregularly shaped surface regions; and 
65 a semi-rigid plate affixed by said clamping assembly to 
define a cantilever extending across said through hole 
region wherein at least one free edge of said cantilever is 
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aligned with said linear apex region and is spaced apart 
therefrom when said plate is immersed in a static pres- 
sure environment. 



